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PREFACE

This research was conducted under project 7734, Occupation and Career
Management; task 773403, Improvement of Skill Management ; work uni t 77340308,
Analysis of Occupational Data for Potential Use in Transferability of Skills Studies. This
report completes the initial phase of research efforts on transferability of Air Force skills.

Recognition must be gIven to Dr. Raymond E. Christal and Dr. Joe 1. Hazel for
their inst rumental roles in directing research conducted under task 773403. The author Is
indebted to Dr. R. Bruce Gould for prior efforts in consolidating and standardizing the
occupational survey data used , and to many people in the Computational Sciences

• Division/AFHRL—part icularly Messrs. Charles A. Greenway and Charles R. Rogers and
members of their section—for long and conscientious efforts in producing the data
analysis. Special thanks to Ms. Jacobina Skinner for her efforts toward producing this
report and to Dr. William E. Alley for substantial contributions to the scheme for
determining the appropr iate model and for valuable advise on many technical questions. j
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DIFFERE NCES BETWEEN CROSSTRAINEES AND NON-CROSSTRA INEES
ON GRADE LEVEL , JOB SATISFACTION , AND ASSIGNMENT CHARACTERISTICS

I. INTRODUCTION

The policies and procedures for transfer ing enlisted personnel from one work specialty to
another are set forth in Air Force Regulat ion (AFR) 39.4. Such factors as advances in technology,
irregulari ties in attrition and enlistment rates , and changes in management philosophy on how best
to accomplish the Air Force mission operate separately and togethe r to produce overages in some
specialties and shortages in others.

The prop er use of the crosstraming system should alleviate the average and shortage
pr oblefns. Also, the system should prov ide for more efficient utilizat ion of airmen who were , or
have become, either overqualifie d or underqua lified for their original specialty. l’his system might
also be used as a tool for increasing job satisfact ion and career progress opportunities , thereby
enhancing reenlistment rates. Crosstrain ing could be used as a means of developing a reserve of
potentiall y critical skills or for enhancing the versatility and general capabilities of its airman
corps. On the other hand , there are potential costs associated with crosstrai ning which should be
recognized.

It is estimated that about 15 ,000 airmen crosstrain annually. Of 217 ,058 ainnen who
responded to occupational surveys over a 10-year period , 17 percent Indicated they had been
crosstr ained . For each of these crosstra ining actions , there were the obvious time and dollar costs

• of on-the -job training and/or technical school for the crosstrainee . Less obvious costs of such
actions are possible detrimental effects on individuals who crosstr ain , or even on personnel who do
not crosatrain . If the crosst raining system works to the disadvantage of personnel in either of
these categories , the results could be poor job attitudes , reduced reenlistment ra tes , and adverse

• effects upon work efforts. These developments would be detrimental to the Air Force as well as
to the individuals involved. It is important therefo re, considerin g the amount of crosstraining done
and the potential costs involved , that the crosstraining system function as fairly and as efficiently
as possible.

This research represen ts an initial effort to determine If an appreciable difference exists
between crosstrainees and non.crosstra inees with regard to selected factors which could adversely
affect reenlistment rates or worker performance and , hence , force effectiveness. The goals are to
identify areas where efforts to improve the crosstra Ining system are appropriate and to indicate
directions for future research .

II. METHOD

The subjects of this study were Air Force enlisted personnel with at least 4 and at most 20
year s of service who responded to occupational surveys conducted in their specialty according to
AFR 35-2. Personnel with less than 4 years of service were not included because of indications
that substant ially different relationships between criteria selected for study and length of service
generally exist for that group (Gould , 1976) and because the number of crosstrainees in that
category might not have been large enough to prov ide a reliable picture of the relationshi p of
criterion to length of service . Airmen with more than 20 years of service were exclude d in an
effort to make the analysis more sensitive to important differences. This effect was realized to the
extent that personnel with more than 20 years of service are homogeneous with regard to the
criter ia.
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Table I is a listing of the specialties involved in this *udy, along with the date of the
survey used for each , the number of useable responses to the survey, and the percentage of
responden ts who indicated they had croastra lned into the specialty. The surveys selected were the
most recent available for the specialty and were the 35 with the largest number of useable
responses. A large number of responses was desired to maximize confidence In the stability of
obtained results. The number of specialties Involved was as large as practical considerations wonld
allow.

-The informat ion reported by survey resp ondents included : (a) lengths of time In service and
in specialty, (b) enlisted grade , (c) number of direct subordinates to their position , (d) attitudes
on reenlistment intent , job interest and u tilization of talents and training, (e) estimates of the
relative amoun t of time spent on each task performed in the specialty , and (t) an indication of
wbether or not they had crosstrained from another specialty. This information was quantified into

• a num ber of variables which were used in the multiple regression analyses.

Cr terla
The first of the seven variables which were investigated for systematic differences between

crosstrainees and non-crosstrainees was grade level. It was set equal to integers I through 9
corresponding exactly to the enlisted grade of the resp ondent. (E.1 for Airman Basic through E-9
for Chie f Master Sergeant.)

The reenlist ment intent cri terion was based on subjects response to a statement like “I plan
to reenlist.” The possible responses were a definite “No ,” “Prob ably no ,” “Pr obably yes,” “Yes ,”
and “1 plan to retire.”

A relative 7-poin t scale was used for the job interest criterion with a I indicating “I find
my job extre mely dull ” and a 7 indicating “I find my job extremely interesting. ”

The felt utilizatvn criterion was based on responses to “My job utilizes my talents and
t raining.” “Not at all” was coded 1 and “Perfectly ” was coded 7. Va lues of 2 throug h 6 indicate
attitu des relative to these two extremes .

The number of tasks performed criterion was ~based on the relative-t ime-spent rating given
each task in a specialty’s inventory. This value indicates the total number of tasks involved in the
resp ondent ’s job (as indicated by a non-zero ratin~). The possible range of this variable is from 1
to some value less than 700 (depending on the number of tasks In the inventory for the
particular specialty).

As a measure of job difficulty, the ATDPUT (average task difficulty per unit time) variable
was computed (Mead & Chrj stal , 1970). The ratio of the relative-time-spent rating given each task
to the total of such ratings given all tasks in the invento ry was multiplied by the mean of
relative difficulty ratings given that task by supervisors from that specialty. The sum of these
products for all tasks performed is the ATDPUT value. It can be interpreted as the probable
relative difficulty rating of the task being performed at any particular time. The rang e of this
criterion is between 0 and 8 wIth higher values indicating greater difficulty. Since the task
difficulty rating s on which ATDPUT is based are relative only to other tasks in the same
special ty , cross-specialty comparisons of these values are not meaningful.

The final criterion is the number of subordinates. If resp ondents indicat ed they had 9 or
more personnel reporting directly to them for supervision , their value on this variable was set to

• 9. Otherwise the value assigned was from 0 to 8, corresponding exactl y to the report ed number
of subordinates.

Predictor Variables
The “X” or crosstrained group identifying variable was set equal to I if the subject checked

t he block indicating he or she was assigned to the specialty by retraining fro m anothe r specialty.
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Otherwise “X” was set equal to zero . The counterpart of the “X” variable for identification of
the non-crosstrained group is “N.” It has a value of I if the subject did not Indicate crosstraining
and a value of zero otherwise. “N” was computed by subtracting “X” from “U ,” the vector
containing only unit values . “M” is the months of service variable. It took the value which the
subject reported to be his or her “total months active federal military service.” Other variables
which were used as predictors in regression models are interactions or vector products of the “M”
and “X” or “N” variables. For instance the “XM ” variable is equal to months in service if the
respondent crosstrained , or is equal to zero if the subject did not crosstrain . it was generated by
multiplying variable “X” by variable “M.” The variable “MM ” was generated by multiplying the
“M variable by itself. It represents the square of the number of months the subject has spent in
the service. Inclusion of this squared variable , or its interaction with “X” or “N” in a regression
model prov i des for a curved regression line.

Multiple Regre~~on Analyses
A total of 245 regression analyses, one for each of the seven criteria in each of the 35

specialties, were performed. These analyses were designed to detect differences between
crosstraining status (treatment) groups on the criterion measur e while identifying and controlling
for any linear or curvilinear relationships between the criterion and the length-.of-service
(concomitant) variable. l’his design is a generalization and embellishment of the analysis scheme
described in Section 5.2 of Bottenberg and Ward (1963). Essentially the technique is to calculate
the equation for the regression lines which best fit the data on the criterion to length-of-service
relat ionship for each crosstraining status group, to determine whether there is a significant
difference between these two lines and to find out if they are unsloped, sloped , or curved.

The first step in each analysis was to compute the 14 different regression models specified
in Table 2. An iterative technique was used to estimate the least-squares regression weights for

Table 2. Regression Models

Orsphlc RIp rss.ntatlon
Modss Pv.dIctor Var$abl.s For For R.l5flonihlp of Orspies
No. (Ind.psuedsnt Set ) Croutraln..s Non-Crosst raln.u for Two OFOUD.

1 X, XM, XMM, N, NM, NMM curve curve independenta
2 X, XM, XMM, N, NM curve sloped line independenta
3 X, XM. XMM, N curve unsloped line independent5
4 X, Xii , N, NM. NMM sloped line curve independenta
5 X, N, NM, NMM unsloped line curve independent5
6 X, XM, N, NM sloped line sloped line independentb
7 X, XM , N sloped line unsloped line independentt’
8 X. N, NM unsloped fine sloped line independentb
9 X, F’- ‘J. MM curve curve parallel

10 X , N, M sloped line sloped line parallel
I I  X, N undoped line unaloped line para llel
12 M , MM , U curve curve coinciding
13 M , U sloped fine sloped line coinciding
14C u unsloped line unsloped line coinciding

5•Th c regression curve, (or the line and the curve) may intersect twice, once , or not at all in the range of interest.bm regression lines may intersect once or not at all in the 48—240 months-service range of intersst .
CThe least squares regression weight (and hence the expected criterion value ) for the unit-vector model is the mean

of the criterion. Its predictive efficiency Is asaumed zero.
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each predictor variable in each model and to calculate the efficiency (squared multiple correlation
coefficie nt) with which the variables and weights can t,e used to predict the involved criterion.
Each of these models makes different provisions for describing the Interrelationsh ips among the
criter ion , crosstralning status, and length of service . For exam ple , model 12 graphIcally describes
the relationship between the criterion and length of service for both crosstralnees and
non crosstrainees in terms of a single regression curve. Model 2 on the othe r hand describes this
relationship In terms of a curve for cro istrainee s and a straight , unsloped line for non-c rosstraine es.
The provisio ns of model 10 are two parallel sloped lines, one for each crossiraining status group.

The next step in each analysis was to compute the 13 F-ratios specified in Table 3. This
table Indi cates the full and restricted models which were tested for significant difference in
predictive efficiency in each test , along with the degre es of freedom involved. Several of these
ratios and a significance level of .01 were used to determine which of the 14 models most
app ropr iately described the Interrelationsh ips of the variables. One part of the problem was to
det eruii~ie if the data on the relat io nship between the criterion and length of service for each
crosstrain ing status gro~~ A’ere fit significan tly better by a curved line than by a sloped line and ,
if not , to find out if the da~t ‘~ere fit signific antly better by a sloped line than by an unsloped
line. If data on both crosstra ined and non~crosst rained groups were appropriately fit by the same
ty pe of reg r ession line (either cu rved , sloped or uns loped), another part of the pr oblem was to
determin e whether independent lines fit significantly better than parallel lines and , if not , whether
parallel lines fit significant ly better than a single line. The exact conditio ns used to determine the
appropriate model are indicated In Table 4. App endix A is a det ailed discussion of the logic,
sequence , and underly i ng hypotheses of this analysis scheme.

After the appropriate model was determined , the legression weights for that model were
analyzed to obtain a more precise picture of the important interrelationships. For each sloped line
in the model the sign of the slope was noted. A positive slope indicates that expected criterion
values increase as the length of service increases. Conver sely, a negative slope means expected
values will decrease with length of service.

Table 3. F-Teds

O SII,lat lON Full Modsi nsetrIctsd Mod el (df) 1

A 1 6 2 n-6
B 6 10 1 n-4
C 10 13 1 n-3
D 13 14 1 n-2
El 6 7 1 n4
E2 6 8 1 n4
F 10 I I  I n-3

• G 1 9 2 n-6
H 9 12 1 n-4

II  1 2 1 n-6
12 1 4 1 n’6
J I 2 3 1 n-5
J2 4 5 1 n-5
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Table 4. Cooditioias l~~tersninlng Appropriate Model

P-Theta $ l ,~lfl~~øt (a) or N•il-$~5flhfIsault (N)
~.lstIv. Pvadbctlve &f~tsMøuy s

N.. A • C 0 Cl 12 P Q H It It fl J2 N.dsts*i~ d 4 o r ModSlS 7 sNd S5

I S S S RSQ2>RSQ4
I S S S RSQ2<RSQ4
2 S S N S RSQ2>RSQ4
3 S S N N RSQ2>RSQ4
4 S S N S RSQ2<RSQ4

~ S N N RSQ2<RSQ4
6 N S S RSQ7>RSQ8
6 N S S RSQ7 <RSQ8
7 N S N RSQ7>RSQ8
8 N S N RSQ7<RSQS
9 S N S

20 N N $ S
I t  N N S N
12 S N N
13 N N N N
14 N N N N

5Sincc models 2 and 4 arc of th e same complexity ( have the same number of independent pre dictor s) the one with
the lower predictive c(&iency m d  its restriction (either model 3 or model 5) were automa tically eliminated from the proc ess
of determining the approp r iate model. Likewise with regard to models 7 and 8.

For each curved regression line intrinsic to the model , the sign of the slope on each side of
the point-of-inflection and the relationship of the point of.inflection to the range.of-interest boun ds
were det ermined. This information was use to indicate whether expected criterion values increased
and/or decreased and whether the ta te of change was increasing ci decreasing with length of
service .

In situations where separate .curves or lines were appropriate for crosstraineee and
• non.crusstrainees. the group having the aiperior curve (and thus the higher expected criterion

values) was identified. If the identity of the group with the superior curve changed (i.e., the
curve s inte r sected) inside the range of inter est , the point or points of change were calculated , and
the proportions of the total range of interest for which each group had the higher expected values
were calculated. Also, the largest difference between expected criterion values for the two
gr oups—and Its point(s ) of occur r ence—were determined. Because the number of cases involved in
these regressioni analyses was often relatively large , this information was needed to ascertain
whether any significant differences found between crosstrainees and non-crosstrainees were ..~iso

large enough (in terms of the scale of the criterion ) to be of practical importanc e .

In addition to the seven regression analyses, the means and standard deviations of all
regression analysis variables were computed for each specialty . This information si useful in
interpreting the regression analyses results.

IlL RESULTS AND DISCUSSION

Table 5 is a summary of the results of the 245 regressIon analyses performed . Each
regression analysis summary code In this table indicates the interrelationships among (a)
crosstr ainmg st at us, (b) a particular criterion , and (c) length of service in a particular specialty .

The Line or lines in these codes are graphic descriptions of the general relationship between
the criterion ‘and length of service. An unsloped line (—) indicates no significant relationshi p, while
a positively sloped Line or curve (I , t” or _.‘) indicates a positive relationship , and a negative ly
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sloped line or curve (\ \. or ”-’) means the ielatlonshlp Is negative. If this relationship changes
from positive to negative , ~r from negative to posit ive within the tinge of Interest , those
occurrences are indicated by “bott om-open” curvh (n , ,-~ or ,-~) or “top -open” curves (v, v or s)
respectively.

If the code for an analysis consists of two lines, a significan t difference exists between
croutralnees and non.crosstralnees. The letter preceding the two lines Ident ifies the Initially
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superior line or curve as being fbr crosatra lnees (C) or for non-crosstr aln ees (N). The Indicated
group, ident ified by (C) or (N) on the superior curve , has the higher expected criterion values at
the 48-months service point. The numbe r of times the Identity of the group with the higher
expected value chang es betwee n the 48-month and 240-month points -of-service Is Indicated by the
number of times the two lines In the code cro ss.

Tables 6 and 7 conta In the means and ~an dard deviation s of the criter ia and of the
length-of- servIce variab le for 3ach specialty. This informat ion Is presented to aid in the
interpretatio n of regression analys is res ults and In the formation of hypotheses suitable for further
research. Some of the int or matio n pre sented earlier In Table I might also be of value in these
efforts.

Grade Level
Review of the summary codes In Table 5 for this criterion reveals a consistent positive

relat ionship with length of service . In each of the 35 specIalties , this relation ship Is significant , and
• - only in the first parts of the range of interest In th ree specIalties (14% for 303X3, 15% for

324X0- and 19% for 464X0) Is It indicated negative. A possible explanation for these negative
relat ionsh ips is that a number of airmen with higher grades crosst ralned out of these specialties
during their second term of enlistment. An influx to these specialt ies of lower grade crosstralnees
during their second enlistment might also have produced this effect . The Influx possib ility is not
Incons istent with the mean of months-not- tn-specialty (from Table 7) or the percent crosstra lned
values (from Table I) for the Involved specialties. However , such an influx would also probably
have caused the grade differences between crosstralnees and non-crositr alnees to becom e significant.

Significant grade difference bet ween the croastrain tng status groups was Indicated In 12 of
the 35 specIal ties. Differences of as much as one-half grade level in favor of non-crosstrainees were
Ind icated at the 240-month serv ice points of the 32KX0 , 328X3 . and 431X0 specialties. The only
observ ed situations where crosstrainees had higher expected grades than non-cros stra tnees were In
the 322X l specIalty and In the first one-third of the range s of interest for the 328X0 . 328X3 ,
431X0 and 605X0 specialt ies. In none of these situations were crosst r alnees expected to have as
much as one.tI fth grade unit advantage over their counterparts.

In 11 of the 12 specialtIes having significan t group differences , non-cro sstra lnees had the
higher expected grades at the far extreme (the 240-month point) of the length-of-serv ice variable . This
suggests that for these specialties the amount of experience in specialty ~ a m ore Important
consideration In higher level promotion decisions.

ReenlIatment intent
A positive relationshi p with length of se rvice Is just as consistently indicated for this

cr iterion as It Is for grade level, in 99.5 percent of the ranges of Interest for all 35 specialtIes the
slope of the appropriate regression line or curve was significant and positive . Only in the last 10
percent of the ranges of Interest for specialties 325X0 . 342X0 . 732X0 , and 732X 1 was a negative
relationship Ind icated. Considerations which might help explain this prep onderance are (a) subjects

-
• of this study have prob ably already reenlisted once , and (b) as length of service Increa ses , the

retirement benefits Incentive for reenlistment becomes st ro nger.
Unlike the grade criterion , there was almost no Ind icat ion of differences between groups.

Croastralnees in the 391X0 specia lty were Indicated to have a reenlistment intent value .52 scale
unit (one-half standard deviation for the whole variable) higher than non-crosstratnees at the
48-month service poInt , and .31 scale unit lower than their counterpart s at the 240-month servi ce
point. The point of service at which the expectation of higher values stops for crosstralneea and
non crosstr alnees Is 169 months or 63 percent throug h the rang e of Interest.
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Job Interest
On the job Interest criterion , there Is a slight indication that group differences exist with

regard to the typ e of relationshi p with length of service. For crosstra lnecs the relationship between
job inter est and length of service was non-sIgnificant 57 percent of the thne, posItive 34 percent ,
and negatIve 9 percent . For non-croa stra inecs these percentage s are 49, 43 , and 8. respectIvely.
Non-croutra lnees app ear to be more likely to have job Interest In crease with length of service. On
the other han d , there is little direct evidence that the two groups differ consistently on this
criterion ,

Significan t differences between group s were found in only eight specialties. In the overall
ranges of Interest for these eight specialties, one grou p had the higher expected values about as
often as the other (55 percent for crosstralnees , 45 percent for non .crosstrainees). The largest
differences between expected job interest values were abou t one scale uni t or about two-thirds
standard deviation of the whole criterio n variable for the specialty .

Felt Utlizat lon of Talents and Training
As with job inter est , the type of relationsh ip of felt utilization of talents and training with

length of service may be related to crosst r alning status. Overall , these relat ionshi ps for crosstra lnees
are 40 percent non-sIgnificant , 57 percent positive , and 3 percent negative. For non-crosst ralnees .
these relationships are non-slgnlt lcant in 34 percent of the situations , posItive in 63 percent , and
negative In the remaIning 3 percent. Again the Indication Is that a positive relation sh ip is more
likely for non-crosstra lnees . One difference between this criterion and job interes t Is that the
length of service relationshi p Is negative less often for felt utili zation. Also , for job interest , this
relationship is non-significant m ore than half the time. For felt utilization , this propo rtion is
somewhat less than hal f.

With regard to dIfferences between groups , the findings for thi s criterion are very much like
those for job interest. Significant differences were IndIcated in seven of the specialties (compared
to eight for job interest), and in these situations , crosstr alnees and non-crosstr alnees had the higher
expected values equally as often. The largest of these differences was 1.25 scale units In favor of
crosstra lnees at 48 months of service in the 37 lXO specialty.

Number of Tasks Performed
For the number-of-tasks-performed criterion the relationship with length of service was

non ignlflcan t 34 percent of the time , posItive 54 percent , and negative 12 percent. These
percentages were the same for both croastra lnee and non-cro satrainee groups. A negative criterion
to length-of-service relationship might suggest that the ratio of the number of supervisory tasks to
the numbe r of technical ta sk s In the Inventory for a part icular specialty Is relatively low.

Significan t differences on expected criterion values for cro satra inees and non-cr osstra inces were
IndIcated In only five of the 35 specialt ies. The larg est of these difference s was 25 tasks or about
.4 of the criterion ’s standard deviatIon for that specialty (342X0). The most notable findi ng for
these five differences Is that non-crosstralnees are always indicated to perform more tasks.

Job Difficul ty
The relationship between job difficulty and length of service is predomInately posItive (63%

for both croastra lnees and non-crosstral nees). Ilowever , the incidence of negative re lation shi ps is
higher than for the other criteria (14% for cr o&straine es and 17% for non-.crosstra inees). A possible
explan ation for a negative relationship here Is that the specia lty Is highly technical , and the
journe yman level tasks are considered more difficult than those which must be done by
supervisor s.
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Significant differences between croastralnees and non.crosstralnees were found In 10 of the 35
specialties. Th. larges t difference was .44 ATDPU1’ scale-point anIta (1-1/3 standard deviation
unIts) at the 48 months service point in the 324X0 specialty. Of all the situations where group
differences on job difficulty were Indicated , the non -crosstralnees group had the higher expected
value 90 percent of the time.

N~*mber of Subordinates
Findinga on the relatIonshi p of this criterion to length of service are very similar to those

for grade and reen listment Intent . In none of the specialties is a non-signIfican t relationship
Indicated , and only In 3 percent of the total ranges of interest (for both crosstrainees and
non.crosstmlnees) are the relationships negat ive . Thus, the number of subord inates Is expected to
increase with length of’ service 97 percent of the time.

Gro up differences were Indicated significant in only four specia lties. The largest such
difference was indicated for the 240 months.service point In the 903X0 specialty. Crosstralnees In
this category are expected to have an average of 1.43 more subordinate s than their counterparts.
This Is something of an exception to a ode In that croastr ainees were Indicated to have higher
expected values than non-crosstralnees in only 5 percent of the possible point-of-eervtce/spedalty
situations.

Summamy
The m~ or finding with regard to the relat ionships between length of service and the criteria

is that these relationships are consistently signIficant , and when they are signIficant , they are
predominately positive. For three criteria (grade , reenlistment Intent , and number of subordinates),
the relationships were significant In all specialties. Only for the job interest criter ion were more
than half of the relationship s (53%) non-sIgnificant . Of the significant relation ships for each
criterion , at least 80 percent were positive. For the grade level , reen listment Intent , felt utilization
of talents and train ing, and number of subord inates criteria, this percentage Is 95 or higher. One
overall Indication of these tmnd inga is that the standlnga of Air Force enlisted personnel on the
criteria of this study — except for job interest — can generally be expected to increase with time
In service.

With regard to relation ships with croastralnlng status , the criteria fall Into two convenient
categories. One category consists of the three attitude var iables (reenlistment intent , job Inte rest ,
and felt utilization of talents and training). For these variables , the dIfferences between
crosstrained and non-ci-osstrained groups were significant only 15 percent of the time. In situatio ns
where these differences occurred , one group had the higher expected criterion values about as
often as the other (crosstrainees were hIgher 53% of the time vi. 47% for non -crosstralnees). For
this categ ory of criteria then , there Is no clear-cut ImplIcation with regard to crosstrsinlng status.

The other categ ory of criteria Includes grade level and the job characteristic variables , nu mber
of t asks performed , job difficulty , and number of subordinates. SIgnIfican t dIfferences were found
between crosstrained and non-crosstralned groups In this category 22 percent of the time. In these
Instances , non-croutralnees had the higher expected criter ion value 90 percent of the time. The
implicat ion here is that , in a number of Air Force specialties. aosstmln ees are at a slight

• disadvantage with regard to promotions , and their jobs are somewhat less complex , difficul t , and
demanding than those of their counterparts .

Conchasimi.
When interpreting these results, It Is importan t to keep In mind that the purpose of this

study was simply to detect gross differences between crosstrainees and non-cmsstrainees in certain
specialties with regard to specific criteria. The question addressed was whether the available
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occupational data indicated that an in-depth study of croastra lning system operations might be
appropr iate. Questions as to whether any detected differences warrant corrective action and what
corrective action would be most effec tive were beyond the scope of the stud y. Othe r ques tions
which remain unanswered Indude whether other specialties also have im portant crosstra lnlng stat us
differences on these criteria and whether differences exist with regard to other measures of
efficiency, productivity, job attitudes , job characteristics , etc.

Another important consideration when Inte rpreting these results is that the study was
designed to detect only gross differences . The relatively large sample sizes and the exclusion of
subjects with more than 20 years of service had the effect of making the tests more sensitive to
differences. However , those effect s were more than negated by (a) the use of the .01 sIgnificance
level . (b) the eliminat ion of personnel with less than 4 years of service from the samples , and (c)
the self-elimination from the samples by crosstra lnees and non-crosstra inees who had chosen not to
reenlist.  Another factor which contributed to the insensitivity of the tests was the
non-diqerent lation of the crosstra inee samples. More differences would probably have been detected
if considerations had been given to such things as the typ e of specialty crosstrained from , time
since croastralning, and the extent the crosstra lning action was resented or desired by the
crosstrainee.

Despite the conservative nature of these analyses , significan t and appreciable differences were
found in several speicalties with regard to the grade level and assignment characteristic criteria.
Considered along with the potential costs of these differences to the Air Force and its individual
members (see Introduction section), these fin dings do Indeed indicate that a thoroug h investigation
of the operations and effects of the crosstra lning system are appropriate. The Air Force Human
Resources Laboratory has already initiated several research efforts to answer some of the questions
raised by these findings.
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APPENDIX A: SCHEME FOR DETERMINING APPROPRIATE MODEL

• Figure Al is a representation of the scheme used for determining which of the 14 models
oonssdered Is the most appropriate for describing the intenelationahlps of the criterion,
crosetraining status, and length of service variables. Essentially the scheme is deslgn.d to find the
simplest model with the highest predictive efficiency. In this figure , tr Iangles enclose F-test
designations and values in squares designate regression models. If an F-test Is significant , the block
below and to the right of it Indicates the appropriate model or the next F-test In sequence.
Otherwise the block below and to the left is the indicator. Table Al contain s statements of the
hypotheses tested with the associated F-ratios and regression models.
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Figure Al. F-test contingency table.

F-Test A (for RSQI.RSQ6) of Hypothesis I
The first F-test compares the predictive efficiency of model 1 (RSQ1) with that of model 6

(RSQ6). The hypothesi s here Is that , for at least one of the crosstraining status groups,
non-constant changes occur in expected criterion values with increasing length of service (i.e., that 

S

a curvil inear relationship exists between the criterion and length of service for either crosstiainees
or non-crosstra inees or both). The null hypothesis Is that the data describing the relationship of
these variables — for both crosstrainees and non-crosstralnees — are described as accurately by a
straight regression line as by a curved regression line.

If this -test is significant (the difference between RSQ6 and RSQ1 is greater than would be
expected by chance) , then model 6 can be eliminated from further consideration in the search for
the appropriate model . Also, any models which are restrictions of model 6 (7, 8, 10, I l , 13 , and
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14) can be eLiminated. Since RSQ values for these models could not be larger than RSQ6. the
difference between any of these and RSQ I would have to be larger than a difference already
established as signifIcant. In this situation , the hypothesis is accepted , and the procedure continues
with F-test G.

If F-test A is not significan t . then neither RSQ I nor any of the RSQ values for the models
which are restrictions of model 1 (2 , 3 , 4, 5 , 9 , and 12) are significantly greater than RSQ6. The
appropriate actions in this case are (a) to accept the null hypothesis (that any change in expected
criterion values with Increasing length of service occurs at a constant rate , or that no curvilinear
relationship exists betwee n these variables for either croutralning status group) and (b) to proceed
with F-test B and subsequent test(s) to ascertain that a restriction of model 6 does not describe
the relationship of variables as accurately as that full model.

F-Test $ (for RSQ6-RSQI 0) of Hypothes is H
for Models with Straight lines

The form al hypothesis being tested here Is that a difference exists between the expected
cnten on values of cr oastrainees and non .crosstr ainees and this difference changes with length of
service . Another way of stating this hypothesis is that the slopes of the regression Lines
appropriate for describing the relationshi ps between the criterion and length of service for each
croastralning st at us group are different. In other words these regres sion lines are indep endent or
free to converge , diverge , or both (if they intersect withi n the range of int erest).

If this test is significant , the hy pothesis is accepted , model 10 and its restrictions are
eliminated and the procedure continues with F-test E. Otherwise the null hypothesis (that the
differenc e between the groups is a constan t and possibly zero value , or that the regress ion lines
for the groups have a common slope and thus are either parallel or coinciding), is accepted and
F-test C Is considered.

F-Test C (for RSQ I O-RSQI3) of Hypothesis LU
• for Models with Straight Lines

After it has been established that the difference between the regress ion lines at any point of
service is a constant or zero value , It remains to be determined whether or not that difference is
zero. The hyp othesis tested with F-test C is that this value is r~~t zero or that the regress ion lines
are parallel and not colinear. If this test is significant , the hypothesis is accepted , models 13 and
14 are eliminated , and the procedure continues with F-test F. If it is not significant , the null
hypothesis — that no difference exists between crosstra tnl ng status groups -- is accepted and models
10 and I I  are eliminated. In this case, the result of F-test D is used to determ ine the appropriate
model. 

-

F-Test I) (for RSQI3-Zero) of Hypothesis V
for Models wIth One Line

After rejecting the hypotheses for F-tests A, B, and C, the remaining hypothesis is that the
criterion is linearly related to length of service, or with increasing length of service the expected
criterion score s change at a constant , non-zero rate , or the regression line best fitting the data on
the criterion to length.of-servtce relationship is sloped. If the test is significant , the hypothesis is

• accepted, and m odel 13 is accepted as the appropriate model. If not , the null hypotheses of no
constant rate of change in expected crit erion values Is accepted. Since the hypothesis of any
non-constant rate of change has also been rejected (in F-t est A), It can he inferred tha t there are
,v differences In the rate of change in expected criterion values and thus that there is no
relation ship (either linear or curvilinear) between Length of service and the crit erion for either
crosstralning sta tus group. In this case model 14 (represented graphically as an unsloped line) is
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accepted as appropriate because it is the only model am ong the 14 considered which has
propert ies in accord with the null hypotheses accepted with F-tests A , B , C and D.

F-Test E (for RSQ6-RSQ7 or RSQ6-RSQ8) of Hypothesis V
for Models wIth Independent Lines

The only models which have properties in accord with the null hypothesis accepted in F-test
A and the hypothes is accepted in F-test B are 6, 7 , and 8. One of these models, either 7 or 8,
can be eliminated from consideration as being the appropriate model on the basis of a direct

• comparison of RSQ values, It is inconcei vable that the model with the lower RSQ value could be
the appropriate model because accepting it would mean rejecting another which is ji st as
parsimonious and has a higher predictive etlIciency. Th us, t he restricted model for this test is 7 if
RSQ7 is greater than RSQ8, or 8 it RSQ8 is greater than RSQ7. It is possible that RSQ7 could
be exact ly equal to RSQ8 In this case the common difference between the potential restricted
models and the full model would logical ly be significan t , and model 6 would be indicated
approp ri ate. Otherwise , the indicatio n is that each ot’ the two groups req u ires sloped regression
lines. This is also an indicat ion that model 6 is appropriate.

After accepting the hypothesis of non-c onstant differences (in F-test B). it can be inferred
t hat separate reg ression lines with different slopes are appropriate for the two crosstra ining status
groups. A further inferen ce is that since the slopes of these lines are diffe rent, only one could
possibly have a zero slope . In other words , t’or only one of the groups might there not be a
linear relationship betwee n th e criter ion and length of service . The hypothesis for this F-test is the
sante as that of F-test 1) except th at it applies to the criterion to length-of-service relationship f~r
only one of the groups , either crosstrainees (if model 8 is the restricted model) or
non-crusstrainees (if model 7 is involved). If this test is significant , then the hypothesis is
accepted , a linear relationshi p between criterion and lengt h of service can be inferred for both
cro sstra i nin g status groups , and model 6 is accepted as appropr iate. If the tes t is not significant ,
t he inference is that ther e is no cri terion to lengt h~~f-service relationship for one of the
cro astra ining status groups and that the r estrict ed model of the test (either 7 or 8) is most
appropriate.

F-Test F (for RSQIORSQI 1) of Hypo thesis V
for Models with Parallel Lines

After accepting the hypothesis of F-test C. the testing sequence picks tip here. The
hypo thesis tested at this point is the saute as t i r  F-test D. The only difference in the situation is
that models with separate regression lines for each croastrain ing status group are involved. If the
test is significan t , the n the common sloped regression lines of model 10 most appropriately
describe the criterion to length-of-service data , and both a linear relationshi p and croastraini ng
status group differences in expected values are indicated. If F-test F is not significant , model I l  is
most  appropriate , indicating a constant diffe rence between expected criterion values for
croastrai nees and non-cr ossirainees hut no relationship bet ween the criterion and lengt h of ser vice,
or no change in expected criterion values with increasing length ot’ service.

F -Test G ( for RSQI-RSQ9) of Hy pothesis IL
for Curvilinear Models

After accepting the hypothesis that at least one regression curve Is appropriate for describing
the data (from F-test A), the remaining task ~ to iden ti fy which cro sstr ainlng status group
requires the curve and determ ine whether the other group requires the same curve , a parallel
curve, a di f fe rent curve , a sloped line or an unsloped tine. This identification process begins with
F-test G. The hypothesis here is the sante as for F-test B, that t he di tleren ce between the
expected criterion values for crcm sstrainees and non-crnsstrainees is a non-constant value which varies
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with lengt h of service. In this situation , howeve r , the difference involved is between curves rather
than straight lines. If the test is significant , the hypothesis is accepted , models 9 and 12 are
eliminated from consideration and the procedure continues with F-test I. If the test Is not
significant, the null hypothesis (that the difference in expected criterion values is the ~me
regardless of length of service) is accepted and F-test H is considered to determine whether or not
this constant difference is zero.

F-Test H (for RSQ9-RSQ1 2) of Hypothesis LII
for Curvilinear Models

This test is analogous to F-test C. Again , the only difference is that regression curves rather
than regression lines are being tested for differences. If the test is significant , the hypothesis of
crosstraining status group differences in expected criterion values is accepted and model 9 (which
provides separate but parallel regression curves to describe the criterion to length-of-service
relationship for the two groups) is accepted as most appropriate.

If F-test H is not significan t , then the null hypothesis (that there is no difference between
the regression curves for each croastrainin g status group) is accepted , and model 12 is accepted as
appropriate. Notice that subsequent tests for a constant rate of change in expected criterion values
(analogous to F-tests D and F subsequent to C) are not required because the existence of a
non-constant rate of change has already been established (in F-test A).

F-Test I (for RSQJ-RSQ2 or RSQI-RSQ4) of Hypothesis IV
I f the hypotheses in F-tests A and G are accepted , this F-test is next . Either model 2 or

model 4 is eliminated from the model-seeking procedure by a direct comparison of their RSQ
values. If model 2 has the higher predictive efficiency, it is the appropriate restricted model for
this test. If RSQ4 is greater than RSQ2, then model 4 is the restricted model. The rationale for
this elimination is the same as involved in the elimination of model 7 or 8 (see discussion of
F-test E).

• The hypothesis that a non-constant rate of change in expected criterion values occurs with
increasing length of service for one of the crosstraining status groups was accepted in F-test A.
The hypothesis here is that the same condition exists for the other group. If the test is
significan t , the hypothesis is accepted and the inference made that the model providing
independent curved regression lines for both croastraining status groups (model 1) is appropriate. If
the test is non-significant , then the null hypothesis (that the rate of change is expected criterion
values with increasing length of service for the one group is a constant value) is accepted. It then
remains to be determined (with F-test J) whether or not this constant difference is zero.

F-Test J (for RSQ2-RSQ3 or RSQ4-RSQ5) of Hypothesis V
for Curvilinear Models

The full model for this test is the same one used as the restricted model of F-test I. The
hypothesis tested here is the same as for F-tests D, E, and F. It is: expected criterion values (for
one crosstraining status group in this case) change at a constant rate with increasing length of
service, or that a linear relationship exists between the criterion and length of service. If the test
is significant , the hypothesis is accepted and the full model (either 2 or 4) is accepted as being
appropriate. Otherwise the null hypothesis is accepted and the restricted model (either 3 or 5)
which provides for no relationship (neither linear not curvilinear) between criterion and length of
service for one group, and for a curvilinear relationship fbr the other group is accepted as
appropriate.
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